To measure the flow of MTs within the spindle, we calculated the cross-correlation between images in a time sequence with fixed time differences, Δt, averaged over time, t, and over y, which is the direction perpendicular to the spindle axis. The resulting correlations were thus a function of x, the position along the spindle-pole axis (in practice, averaged over windows in x), and the displacements Δx and Δy. At each position in x, the cross-correlation surface as a function of Δx and Δy exhibited two peaks, corresponding to flow in the direction of the two poles. We rotated and shifted each surface slightly so that the two peaks were on the Δx axis. We measured the sizes of the two peaks by analyzing the profile of the cross-correlation along the Δx axis (i.e., at Δy = 0).
This profile was fit to a function of the form ( ) where Δx is displacement along the profile line, and the parameters were all functions of the position x along the spindle axis, with h L (x), c L (x), and w L (x) the height, center position, and width of the left Gaussian, respectively, and h R (x), c R (x), and w R (x) similarly defined for the right Gaussian. The correlations provided information on the intensity and speed of flux through a cross section of the spindle at x, with c R (x) − c L (x) equal to twice the local flux velocity times Δt. The parameter, b(x), corresponded to constant correlation caused by background fluorescence. The last term was a very small correction (d(x) was typically >1,000 times smaller than h L (x) and h R (x)) for enhanced correlation at small displacements between different speckles on the same MT, with f(x) correcting for possible (small) drift of the spindle over the time interval Δt.
Because the dependence of the background on the transverse displacement, Δy, it was difficult to accurately measure the widths of the peaks in this direction via an automated fit. However, visual inspection showed that the ratio between the widths in Δy and Δx did not vary significantly as a function of position within the spindle; indeed, in the regions near the peaks, the profiles were generally close to radially symmetric. As these regions accounted for most of the integrated intensity of the peaks, we therefore used the width calculated in Δx as a proxy for the Δy width. The total integrated intensities of the two peaks in the cross-correlation were thus proportional to h L (x) w L (x) 2 and h R (x) w R (x) 2 , respectively.
Plus end density measurements
Several aspects of the inference of plus end density profiles from the incorporation of new tubulin need further explanation. Occasionally, at the initiation of imaging, the labeled tubulin could be seen to have diffused only partially into the spindle structure, leaving the bulk darker than the surrounding background; in these cases, we began our analysis of the time dependence of the newly incorporated tubulin once mixing was complete.
We expected the fluorescence intensity in a window to initially increase linearly after mixing. This is because as the plus ends, which were present in a window at the time of labeled tubulin addition, move out of the window, new ones grow into it to take their place. For a spindle at steady-state, the number of growing plus ends in a window should remain constant in time. Because each growing plus end presumably incorporates labeled tubulin at the same rate, the initial incorporation rate should be constant. Eventually, as labeled tubulin begins to saturate the spindle, other effects will affect the rate of intensity increase. These include depolymerization of already labeled MTs, contributing to a decrease in fluorescence intensity, and sliding of labeled MTs in and out of the window caused by flux. Data from experiments (Fig. S1 D) and simulations confirm that the fluorescent increase is linear in time for approximately the first 60 s after mixing. This linear increase meant that the short delay (at most 30 s) between addition of labeled tubulin and the initiation of imaging did not substantially affect the inferred plus end densities. The effects of such delays would, at worst, lead us to somewhat underestimate the number of minus ends at any given point in the spindle, strengthening our main conclusion that minus ends are present in the central spindle.
We estimated the fraction of growing plus ends within the spindle by comparing the previously measured speeds of MT polymerization in the spindle, 10 µm/min, and of depolymerization, 30 µm/min (Tirnauer et al., 2004) . This implies that in steady-state, about three quarters of the MTs are growing. However, if plus ends in the spindle spend a significant amount of time paused-or if this growing fraction is an overestimate for any other reason-the densities of plus and minus ends we calculated from these data, together with the end imbalance data, will both be underestimated by the same amount. Fig. S2 E shows the effects of errors in the estimation of this value on simulated data.
For inferring the fractional plus end density (i.e., plus ends per micrometer per MT) it is necessary that certain aspects of the noise in the measurements roughly cancel. One type of noise that we expected to make a significant contribution to our measurements was that caused by out-of-plane fluorescence. Because of the nonconstant shape of the spindle, we could expect this noise to contribute different amounts at different points along the spindle pole axis. However, both out-of-plane fluorescence and the signal were expected to increase via the same process, labeled tubulin incorporation. If the out-of-focus planes in the spindle have the same fractional density of plus ends as the in-focus plane, this noise would increase at the same relative rate as the signal. For example, if out-of-plane fluorescence doubles the recorded intensity at one position for a given time point, we expect it to double the recorded intensity at every time point. This means that the rate of fractional intensity increase, which we measure to obtain the plus end density, is unchanged by this type of noise.
To test the method for computing plus end density, we made a one-dimensional simulation of a collection of MTs in a spindle using MatLab. For each MT at each time point, we recorded the locations of the plus and minus ends, the orientation, whether the MT was growing or shrinking, and intensities in "green" and "red" channels for each point along its length. MTs were nucleated in regions around the center of the spindle and were initially growing. With each iteration, every MT had a fixed probability of changing to a shrinking state. With every iteration, the length of each growing MT was increased and the length of shrinking MTs was decreased, and MTs were moved in the directions of their minus ends to simulate flux. When a MT shrank to zero length, it was re- moved and a new one was created in the central spindle to replace it. To simulate speckle labeling, MTs were assigned red intensities given by a Poisson distribution along their length. Initially, all green intensities were zero. The simulation, using 10,000 MTs, was allowed to run for 10,000 5-s iterations to assure that the spindle achieved steady-state. From that point, to simulate the addition of green tubulin, all new MT growth was given a green intensity of one. We produced images from the green and red channels for 100 5-s iterations after addition of the "green tubulin." Noise was added to the images to simulate out-of-focus fluorescence, with the amount added at each point proportional to a Gaussian centered at the middle of the spindle and to the fluorescent MT density.
We found the oriented MT distributions, and used these along with the green channel images to calculate the plus and minus end distributions with the same script used in the real data analysis. We then compared these with the actual distributions from the simulations. By changing the patterns of MT nucleation, we simulated three types of spindle: one which approximated the spindles we saw (Fig. S2 A) , one in which minus ends peaked at the central spindle (Fig. S2 B) , and one in which minus ends were confined to the poles (Fig. S2 C) . The inferred end densities were accurate in all three cases, and easily allowed us to distinguish between the different types of spindles.
Next, we simulated the effects of delays before initiation of green imaging (Fig. S2 D) . Generally, the effect of such delays was to underestimate the plus end population, because the rate of intensity increase decreased as the spindles approached steady-state. With parameters similar to the real data, this led to only a slight underestimation of minus-end densities, as discussed in the previous paragraphs. Finally, we studied the effects of errors in the estimated fraction of growing MTs (Fig. S2 E) . 
Internal consistency checks, and inconsistencies if minus ends are at poles
The main conclusion of this paper is that a substantial number of minus ends are found in the central spindle, away from the poles. How plausible is it that biases in our measurements or invalid assumptions in our inferences could have falsely produced this result? In particular, could the data be consistent with the conventional picture of minus ends concentrated near the poles?
To address these questions quantitatively, we consider the fractional densities of minus ends at points 5 µm on either side of the center of the spindle; these were chosen to be in the regions where the differences between our results and the conventional picture would be largest. On average, the inferred fractional minus end density at these points was 0.043 ends/µm/MT. For each spindle, we considered the "low minus end hypothesis" that the actual fractional minus end density 5 µm from the center was low, at 0.01 ends/ µm/MT. We asked, given this hypothesis, what values in our measurements would have been required to produce the low minus end results and found the ratio of these to the actual results. We then calculated the ratio between the measured value and the required one. We separately considered the cases of bias in the fractional plus end density and bias in the fractional end-density difference. All values were computed for each of the 12 spindles shown in Fig. 3, and then averaged (see the following table What sources of bias could have caused a large overestimation of the fractional plus end density? One potential source could be the delay in measurement of fluorescence increase after tubulin addition. However, as noted in the previous section, fluorescence increase decreases over time as labeled tubulin saturates the spindle, so any delay in measurement would cause us to underestimate the fractional plus end density. The opposite bias would result from underestimating the saturation intensity (from bleaching, etc.), but, given the expected form of the time-dependent intensity, a factor of two underestimate is implausible. Another possibility is that either the fraction of plus ends that are growing or the plus end growth velocity differs in these spindles from the published values we used. But these parameters were global, and affected calculations at all positions within the spindle. If we increased these parameters to give the desired minus end densities at 5 µm from the center of the spindles, 11 of 12 spindles would show a negative fractional minus end density at the center, with an average density of -0.012, which is an unreasonable result. In contrast, with the parameters we used in our analysis, only 2 of the 12 spindles had slightly negative minus end densities at the center, and the average density there was 0.021. (We note that if, instead, the parameters we used were significantly higher than their correct value, the fractional minus end distribution would largely mirror the plus end distribution. Because we do not observe either this or substantial negative densities, we believe that the parameters we used were roughly correct.) A third possibility is that the growth velocity or the fraction of growing plus ends varies as a function of position within the spindle. But the position dependence required would have to be drastic to produce the required bias at 5 µm from the center, while preserving the positive minus end density at the center; e.g., the fraction of plus ends which are growing would have to nearly double in the 5-µm distance from the center of the spindle to the points we considered.
Is it more plausible that the fractional end density difference measurements were biased? We measured the fractional end density difference by calculating the slopes of the oriented MT number distributions, which were in turn determined from cross-correlation analysis of tubulin speckle image sequences. The low minus end hypothesis would imply that these distributions, at 5 µm from the center, were nearly twice as steep as what we measured. We do not believe that such a bias could be the result of our cross-correlation analysis, as the shapes of our oriented MT distributions were broadly similar to those produced with a different particle-tracking method (Vallotton et al. 2004;  Fig. S1 ). Additionally, a global error of this magnitude in measuring the slopes would imply that the real MT number distributions were half as wide those we measure. This would imply that the MT density at the chromosomes was close to zero and that there is essentially no overlap of antiparallel MTs, which we consider to be unrealistic.
Both our method and that in Vallatton et al. (2004) analyzed images series taken at a single z slice (focal plane) within the spindle. Is it possible that spindle geometry might have caused us to underestimate the slope of the MT number distribution at this location? Because the spindle is wider at the center than at the poles, we would expect MTs to be more spread out in z (and y) in the central spindle. Moving toward the center of the spindle, the fraction of MTs that pass through the z section that we imaged is therefore expected to decrease. If anything, this effect would lead us to overestimate the decrease in MT number, and would not lead us to falsely conclude that minus ends were present at 5 µm from the center. We do note, however, that this effect probably makes our results more unreliable near the poles, where MTs presumably move at greater angles in z, than in the central spindle.
In summary, none of the obvious possible sources of quantitative bias in our measurements would lead us to conclude that minus ends were present in the central spindle if in fact they were not.
In addition to these inconsistencies with the pole-localized minus end picture, several internal consistency checks support our conclusion that the minus ends are located throughout the spindle. If minus ends were located only at the poles, and MTs had an exponential length distribution, we would expect to see oriented MT number distribution that were themselves exponential in nature, decreasing immediately from a peak at the poles. That the distributions we see are drastically different from exponential is already enough to make it likely that minus ends are distributed away from the poles.
